Background: Spasticity is a neurological symptom frequently appearing in stroke
Introduction
Spasticity, which is a component of the upper motor neuron syndrome, is a neurological symptom frequently appearing in stroke patients and is defined as a velocity dependent increase in muscle tone with exaggerated tendon reflexes 1 . It has been reported that spasticity appears in approximately 35% of stroke patients. Spasticity should be appropriately treated because it inhibits normal movements and causes pain or postural abnormality, thereby hindering patients' ability for daily living and affecting the quality of life of patients 2 .
The existing treatment methods to control spasticity include physical therapy, oral antispasticity drugs, chemical nerve block and motor point block using phenol or ethyl alcohol and botulinum toxin injection 3 . The necessity of new noninvasive treatment methods for spasticity has been raised because spasticity cannot be controlled sometimes even with diverse treatment methods as well as due to the existing side effects of oral drugs and the invasiveness of local treatment methods 4 .
Extracorporeal shock wave therapy (ESWT) is a new technology using a ballistic source to generate pressure waves 5 . It has been used in diverse musculoskeletal diseases, such as plantar fasciitis 6 , patellar tendinopathy 7 , and calcifying and non-calcific tendonitis of the shoulder 8, 9 .
Recently ESWT has been suggested as a noninvasive, alternative treatment for spasticity 4, 5, 10, 11 .
Different types of ESWT modalities either radial ESWT 12 or focused ESWT 13, 14 has been used in treatment of spasticity. Radial ESWT compared with conventional focused ESWT, is a low-to medium-energy shock wave generated when a projectile is accelerated by compressed air (1-5bar) with a low penetration power (less than 5 cm) 15 . Radial ESWT was recommended over focused ESWT for treating of musculoskeletal disease due to its better effectiveness in clinical practice, no anesthesia or analgesics required and lower cost of the unit 16 .
Within the available literature, there are only few studies with no clear settled parameters investigated the effect of ESWT on spasticity.
Therefore, the purpose of this study was intended to investigate the efficacy of radial ESWT on upper limb spasticity in stroke patients. The safety also supported by many physical therapist practitioners in the field 12, 15, 16 .
Materials and Methods

Subjects
Digital Goniometer
It was used to evaluate the passive range of motion (ROM) of wrist. The digital goniometer has adequate concurrent criterion-related validity as a tool for assessment of joint ROM and equivalent inter-and intra-rater reliability to the universal goniometer 18 .
Visual Analogue Scale
Visual Analogue Scale (VAS) was used to assess pain intensity. It consists of a 10-cm straight line anchored at one end by a label such as "no pain"
and at the other end by a label such as "the worst pain imaginable". It was reported as valid and reliable tool for pain assessment [19] [20] [21] .
Modified Ashworth Scale
Modified Ashworth Scale from 0 to 4 (0= No increase in muscle tone to 4= Affected part(s) rigid in flexion or extension) was used to assess spasticity. It was reported as valid and reliable tool for assessment of spasticity [22] [23] [24] [25] .
Procedure
The aims and procedure of the study was explained to each patient before participation. 
Statistical Analysis
Descriptive statistics including the mean and standard deviation was used to describe general characteristics of subjects. Paired t test was used to determine significant differences within each group while unpaired t test was used to determine significant differences between groups. The Pvalue < 0.05 was taken as significant.
Results
Subjects characteristics of both groups presented in table (1) . There were no significant differences between both groups regarding age, body mass index (BMI) and mean duration after stroke onset (P>0.05).
Table (1): Subjects characteristics in both groups (A and B)
±: standard deviation, P: probability, NS: non-significant. 
Conclusion
Radial ESWT at low energy level could be used safely to reduce spasticity of the wrist and fingers flexors on stroke patients. Repetitive or cyclic application of radial ESWT should also be considered to maintain the reduced spasticity.
However further studies are needed to compare different treatment protocols and energy levels to determine which one has a greater anti-spastic effect.
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